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Program 7 Hydrogen Interactions in Aluminum-Lithium Alloys 

S.W. Smith and J.R. Scully 






Objective 

The objective of this work is to develop a fundamental understanding of the effects 
of dissolved and trapped hydrogen on the mechanical properties of selected Al-Li-Cu-X 
alloys. We propose to: (a) distinguish hydrogen induced EAC from aqueous dissolution 
controlled processes, (b) correlate hydrogen induced EAC with mobile and trapped hydrogen 
concentrations and (c) identify significant trap sites and hydrides (if any) through the 
utilization of model alloys and phases. 
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This program seeks to develop a fundamental understanding of the effects of 
dissolved and trapped hydrogen on the mechanical properties of selected Al-Li-Cu-X 
alloys. We propose to (a) distinguish hydrogen induced EAC from aqueous 
dissolution controlled EAC, (b) correlate hydrogen induced EAC with mobile and 
trapped hydrogen concentrations, and (c) identify significant trap sites and hydride 
phases (if any) through utilization of model alloys and phases. A review of the 
literature indicates three experimental factors which have impeded progress in the 
area of hydrogen EAC for this class of alloys. These are: (i) inter-subgranular 
fracture in Al-Li alloys when tested in the S-T orientation in air or vacuum make it 
difficult to readily detect hydrogen induced fracture based on straight forward 
changes in fractography, (ii) the inherently low hydrogen diffusivity and solubility in 
A1 alloys is further compounded by a native oxide which acts as a hydrogen 
permeation barrier; these factors complicate hydrogen detection and measurement, 
and (iii) hydrogen effects are masked by dissolution assisted processes when 
mechanical testing is performed in aqueous solutions. This program will attempt to 
circumvent these experimental barriers through the use of novel breaking load, 
hydrogen analysis, and metallurgical techniques. The intended approach and current 
program status is reviewed. 
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Hydrogen Interactions in Aluminum Lithium Alloys 
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Experimental Problems associated with 
Investigation of Hydrogen Effects in Al-Li-Cu-X 
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Approach 


T3 




Ph 

fcb 

P 


<u 

c 

C/5 


C/3 

• ^ 

c3 


P 

• 

e 

u 

H— » 

<D 

G 

H 

00 

T3 

o 

o 

• iH 
H— > 

c3 
h— > 

Vh 

O 

' 4 — * 

1 

V) 

r- 

o 

•5 

<D 

C 

c 

<D 

Wh 

Ph 

00 

r- 

<L> 

c 

T3 

o 


• 

<D 

r 

4> 


O 


£ h ^ ° 
o *7 o 

oo i— I > C 


co 

- 

T3 

CO 

<L> 

Vi 

60 

J3 

43 

13 

<D 

C 

0> 

ttf) 

• rH 

C/5 

P 

C 

O 

£ 
• H 

O 

o 

00 

C/3 

<L> 

Vh 

0) 

• iH 

Ph 

T3 

O 

C/3 

CO 

>> 



CO 

43 

<-l— l 
Vh 

13 


C 

£ 

P 

05 

c 

C3 

O 

<D 

e 

13 

w 

S 

a 

3 

a 

Vh 

<L> 

60 

O 

Vh 

TJ 

X 

i 

U 

1 

43 

Ch 



H C3 rH .t: 

5 43 Ph> 
c o c ^ 

t i n 

O Vh co O 

^ 'O ^3 *o 

W til) (D rt h 

c « o a 

• <i 5S m r 

. CO O ►— O 


I ^ 
§ a 

^ * 


178 


c) hydride detection methods 

d) nuclear methods 


Fabrication of Flat Tensile Bar in L-T 
Orientation for Breaking Load Studies 
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Constant Deflection Apparatus for use 
in Breaking Load studies 
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Advantages to Using Palladium Coatings 

• Can remove A1 2 0 3 layer, which impedes 
hydrogen diffusion. 


• Surface of specimen will not be affected by 
cathodic charging. 


• Can distinguish between aqueous and hydrogen 
effects. 


ex. 

/ hydrogen assisted cracking 


Pd 
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A1 alloy 


film rupture x 
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Etching of an Aluminum Alloy Substrate by 

dc Sputter Etching 
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Deposition of Palladium by dc Sputtering 
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Tensile Specimen for M odified Breaking Load Studies 
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Hydrogen Analysis Methods Pertinent to 
Aluminum-Lithium Alloys 
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H ydrogen C oncentration Profile D uring H ydrogen 

Permeation Studies 
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Schematic of D evanathan -Stachurski Permeation C ell 
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potentiostat/ galvanostat potentiostat 


Schematic of D ifferential Permeation C ell 



potentiostat/ galvanostat 



Hydrogen Transport in Endothermic Hydro- 
gen Absorbers (Fe) is a Strong Function of 
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MODERATE 

TRAP 




A Series of Permeation Rise and Decay Transients 
is Utilized to Separate Reversible from Irreversible 




Diffusion coefficient of Hydrogen in various A1 alloys 

Temp. (K) 

823 773 723 673 623 573 523 473 423 373 323 273 



(oas/ mo) Q 
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1/T * 10 (l/K) 



Design of Thermal Desorption Spectroscopy 

system 



(1) Controller to quadrapole mass spectrometer. (2) RF power supply. 
(3) Quadrapole mass spectrometer. (4) Roughing pump. (5) Ionization 
gauge. (6) Analysis chamber. (7) Gate valve. (8) Turbo-molecular 
pump. (9) Valve. (10) Switching valve. ( 11 ) Specimen chamber. (12) 
Valve. (13) Sorption pump. (14) Specimen Heater. 
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Thermal Desorption Spectroscopy Offers 

Several Advantages 



194 


Constant Temperature 


Solubility of Hydrogen in A1 alloys at 10,000 atm. 

Temp. (K) 

453 433 413 393 373 353 333 313 293 




Hydrogen Trap ping 
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A1 - Li - Zr s' coats &' interphasal; s', 6 '-hydride 



